The isoscalar and isovector collective multipole excitations in exotic nuclei are studied in the framework of a fully self-consistent relativistic continuum random phase approximation (RCRPA). In this method the contribution of the continuum spectrum to nuclear excitations is treated exactly by the single particle Green's function. Different from the cases in stable nuclei, there are strong low-energy excitations in neutron-rich nuclei and proton-rich nuclei. The neutron or proton excess pushes the centroid of the strength function to lower energies and increases the fragmentation of the strength distribution. The effect of treating the contribution of continuum exactly are also discussed.
I. INTRODUCTION
The structure of nuclei far from β-stable line is an exciting research field since a number of new phenomena are expected or have been observed in neutron-rich nuclei and proton-rich nuclei. Currently, physicists are interested in the study of the effect of neutron or proton excess on various collective excitations. As a result, the multipole response of exotic nuclei, such as neutron-rich nuclei and proton-rich nuclei, becomes a rapidly growing research field [1] . Collective excitations can be studied by the self-consistent relativistic random phase approximation (RRPA) built on the relativistic mean field (RMF) ground state [2] [3] [4] [5] . However, in most previously random phase approximation calculations the contribution of the continuum might not be treated properly since the nucleon states in the continuum are discretized by a basis expansion or by setting a box approximation. The coupling between the bound states and the continuum becomes important since the Fermi surface is close to the particle continuum in exotic nuclei [6] . As a result, when one works on the properties of nuclei far from the β-stable line, it is required to consider the contribution of the continuum rigorously.
The fully self-consistent relativistic continuum random phase approximation (RCRPA) has been constructed in the momentum representation [7] [8] [9] [10] . In this method the contribution of the continuum spectrum to nuclear excitations is treated exactly by the single particle Green's function. In this work, in order to clarify the effect of neutron or proton excess on collective excitations, the RCRPA method is used to study the isoscalar and isovector multipole collective excitations in neutron-rich , proton-rich and β-stable nuclei. Here we want to explore the effect of neutron (proton) excess on the strength distribution of multipole collective excitations, for simplicity, we choose some sub-closed shell nuclei and magic nuclei for our motivation, such as 34 
II. FULLY CONSISTENT RELATIVISTIC CONTINUUM RANDOM PHASE APPROXIMATION
We start from the single particle Green's function which is defined by:
The Green's function can be decomposed into radial functions g i j (r, r ′ ) and spin-spherical harmonics, then we can get the radial equation:
The regular and irregular solutions of the radial equation are
In terms of u κ and v κ ,the radial Green's functions are given by
where
is the Wronskian determinant. The response function of a quantum system to an external field is given by the imaginary part of the retarded polarization operator,
where P = γ 0 r J Y J M (r) for the isoscalar electric multipole excitation and multiplied by τ 3 for isovector excitation. The RCRPA polarization operator is obtained by solving the Bethe-Salpeter equation,
we can obtain the unperturbed retarded polarization operator Π 0 in the RMF ground state:
III. COLLECTIVE MULTIPOLE EXCITATIONS OF EXOTIC NUCLEI
The response functions of isoscalar and isovector giant resonances of multipolarities L = 0-2 for 34 Ca, 40 Ca, 48 Ca and 60 Ca calculated in RCRPA are plotted in Fig.1 . The dashed-dotted, dashed, solid and dotted curves represent the results of 34 Ca, 40 Ca, 48 Ca and 60 Ca, respectively. As we know, 60 Ca is neutron-rich nucleus and 34 Ca is proton-rich nucleus. In neutron-rich and proton-rich nuclei, the neutron or proton density has different profile. From Fig.1 , we find that the neutron or proton excess has large effects on the energy distribution of the strength, it leads to strong low-energy excitations and pushes the centroid of the strength function to lower energies. Fig.2-3 , it is also found that the neutron excess leads to strong low-energy excitations and increases the fragmentation of the strength distribution. It can be seen easily that the above results are similar to those of Ca isotopes. It is known that the continuum in the RRPA calculations is usually discretized by the box boundary conditions, while the continuum plays important role in description of the properties of neutron-rich nuclei and proton-rich nuclei since the Fermi surface of those nuclei is close to the particle continuum, one shall treat the contribution of the continuum properly, As a result, it is required to consider the contribution of the continuum rigorously in exotic nuclei both for the ground states and excited states calculations. Finally, in order to clarify the effect of treating the contribution of continuum exactly, the ISGMR response functions given by RCRPA are compared with those obtained by RRPA. The ISGMR response functions of 34 Ca, 40 Ca, 48 Ca and 60 Ca given by RCRPA and RRPA are plotted in Fig.4 . The solid and dashed curves represent the results of RCRPA and RRPA, respectively. From the Fig.4 , it can be noted that the response functions calculated in RCRPA and RRPA are different from each other, in the case of RRPA results the width of strength functions is given artifically, in the present calculations we set it equals to 2 MeV, while it is given automatically by the RCRPA calculations, not only the Landau width but also the escaping width. For example, there is a sharp peak in the ISGMR strength of 60 Ca given by RCRPA calculation, this is mainly due to the contribution of the single-particle resonances states in the continuum, but it can not be reproduced by the RRPA calculation.
IV. SUMMARY
In conclusion, we have studied the isoscalar and isovector collective multipole excitations in exotic nuclei in the RCRPA framework. The method is based on the Green's function technique and the contribution of the continuum spectrum is treated exactly. We have found strong low-energy excitations in neutron-rich nuclei and proton-rich nuclei which is different from the case in β-stable nuclei. Namely, the neutron or proton excess leads to strong low-energy excitations and increases the fragmentation of the strength distribution. The effects of treating the contribution of continuum exactly are also discussed. 
